ABSTRACT Three new genera with three new species and two new species of two known genera, all in the family of Xyelotomidae (Hymenoptera), are described and illustrated. These specimens were collected from the Middle Jurassic of Daohugou, Jiulongshan Formation, and the Late Jurassic to Early Cretaceous of Dawangzhangzi, Yixian Formation, of China. A key to the known and new genera of Xyelotomidae is provided. Fourteen fossil genera with 20 species found so far from the Early Jurassic to the Early Cretaceous imply that Xyelotomidae was diverse and abundant during that period. New Þndings reported here provide additional evolutionary and transitional evidence of forewing Sc vein changed from two-branched to one-branched, to two separate parts, to apical part forming a crossvein, and Þnally to vestigial in Xyelotomidae from the Early Jurassic to the Early Cretaceous.
Daohugou has provided abundant fossil insect groups (Tan et al. 2006 , Yao et al. 2006 , Liu et al. 2007 , Wang and Ren 2007 , Engel and Ren 2008 , Huang et al. 2008 , Zhang et al. 2008 , Shih et al. 2009 ), and Jiulongshan Formation is considered as the Middle Jurassic . During that time, gymnosperm forests were dominated by Ginkgopsida, Coniferopseda, Lycopsida, Sphenopsida, Filicopsida, and Cycadopsida at this locality (Mi et al. 1996) , which might have been food sources for these sawßies. Dawangzhangzi also was developed with rich fossil insects, and Yixian Formation is considered as the Late Jurassic to Early Cretaceous (Zhang and Zhang, 2000 , Chen et al. 2004 , Wang et al. 2005 .
During the past several years, many hymenopterans have been reported from the Jiulongshan Formation Zhang 2004a, 2004b; Rasnitsyn et al. 2006) . Rasnitsyn and Zhang (2004b) mentioned that many specimens were collected from the Jiulongshan Formation and assigned to Undatoma Rasnitsyn, 1977 (a genus of Xyelotomidae), but they did not offer detailed descriptions on these fossils in that paper.
Materials and Methods
This study is based on Þve specimens housed in the fossil insect collection of the Key Laboratory of Insect Evolution & Environmental Changes, College of Life Science, Capital Normal University, Beijing, China (CNUB; Dong Ren, curator). Specimens were examined using an MZ12.5 dissecting microscope (Leica, Wetzlar, Germany) , illustrated with the aid of a drawing tube and software Adobe Illustrator CS3 and Adobe Photoshop CS3 (Adobe Systems, Mountain View, CA).
The wing venation nomenclature used in this paper is based on the interpretation of Huber and Sharkey (1993) .
Systematic Paleontology Order
Order Hymenoptera Linnaeus, 1758
Suborder Gerstaecker, 1867
Superfamily Tenthredinoidea Latreille, 1802
Family Xyelotomidae Rasnitsyn, 1968 Genus Xyelotoma Rasnitsyn, 1968 Type Species. X. nigricornis Rasnitsyn, 1968 . Diagnosis. Xyelotoma Rasnitsyn, 1968 was based on a poorly preserved specimen, with the apical half of forewing missing (Rasnitsyn 1968: text, Þg. 34) . Herein, we assign a new species to this genus. Xyelotoma macroclada Gao, Ren & Shih, sp. nov . is similar to X. nigricornis Rasnitsyn, 1968 , especially on the forewing; however, the number of ßagellomeres of antenna is different in the new species. Based on the new specimen and description of Rasnitsyn (1968) , we emend the diagnosis of this genus as follows.
Antenna with the third segment slightly shorter than head, and gradually thicker toward apex, ßagel-lum at least four-segmented, and the third segment approximately 2 times as long as rest of ßagellum. Forewing with Sc distinctly present and divided into two parts, with its basal section running distant from R until meeting it, and its apical branch forming an intercostal crossvein; R greatly thickening before the fully sclerotized pterostigma, the Þrst free abscissa of Rs shorter than one sixth of that of M; vein 2r-m adjoining with 2R1 at two thirds point.
Included Species. The type species and Xyelotoma macroclada Gao, Ren & Shih, sp. nov. Xyelotoma macroclada Gao, Ren & Shih sp. nov.
( Fig. 1) Diagnosis. Antenna with scape 2 times as long as pedicel, the third segment of antenna slightly shorter than twice as long as rest ßagellum, and rest ßag-ellomeres at least Þve segments. Basal section of Sc entering R a distance before division of Cu and M, and apical section of Sc inclining to tip of forewing. Vein MϩCu bent at its base. Cell 1R1 small, cell Rs narrow.
Holotype Female. CNU-HYM-NN-2008007-C/P, Fig. 1 . Body with wings incomplete, head, thorax, and part of legs are preserved.
Medium-sized insect; color infuscated, particularly on antenna. Length of body 13.5 mm excluding antenna, antenna nearly 4 mm, and wing length 9 mm as preserved.
Head trapezoid; two ridges at both sides of the head. Antenna with the third segment slightly shorter than head, gradually thicker toward apex, ßagellum at least Þve-segmented as preserved, most probably six-segmented or more; the third segment slightly shorter than twice as long as rest ßagellum, and 3 times as thick as rest ßagellum, many light traces of subsection visible in the third segment of antenna.
Wing with pterostigma strongly sclerotized; forewing with Sc present and divided into two parts: its basal section distinctly separated from R, and sub-parallel to R, meeting R beyond its middle point, whereas its apical part forming an intercostal crossvein, inclining the Þrst abscissa of Rs very short and subvertical to R, R strongly bent at origin of Rs, the basal section of M arcuate. Crossvein 1r-rs Ϸ0.5 times as long as 2r-rs, vein 2r-m adjoining with 2R1 at two-thirds point, and 0.3 times as long as 3r-m. Cell 1R1 small, oval-shape. Cell Rs narrow and 4 times longer than wide; 1A almost equal to 2A. Cell 3R1 closed at wing apex.
Type Material. Etymology. After the Latin "macrocladus" ϭ large branch.
Genus Xyelocerus Rasnitsyn, 1968
Type Species. X. admirandus Rasnitsyn, 1968 . Diagnosis. Xyelocerus Rasnitsyn, 1968 was erected by Rasnitsyn based on a specimen with nearly complete wing and antenna. Here, we assign a new species, Xyelocerus diaphanus Gao, Ren & Shih, sp. nov., to this genus. This well-preserved specimen provides more materials and information to enhance our understanding of Xyelocerus. The specimen of X. admirandus Rasnitsyn, 1968 did not have vein Sc of forewing preserved. But, the structures of the new species and X. admirandus Rasnitsyn, 1968 are so homologous, we consider the newly found specimen as a new species of Xyelocerus Rasnitsyn, 1968 , and revise the generic diagnosis as follows.
Antenna with the third segment nearly 3 times as long as rest ßagellum. Forewing with Sc present and divided into two parts, with its basal section running into R after M separated from Cu. Vein MϩCu just weakly bent, basal section of M Ϸ5 times as long as that of Rs, 1r-rs shorter than half of 2r-rs. Pterostigma sclerotized but with a clear area at the center.
The new species differs from X. admirandus Rasnitsyn, 1968 for these characters: Cell Rs about as wide as 2R1, vein 2r-rs curving and 1m-cu distinctly longer than the section of C before it.
Included Species. The type species and Xyelocerus diaphanus Gao, Ren & Shih, sp. nov. Length of body 18 mm excluding antenna, the third segment of antenna 3 times as long as rest ßagellomeres which have at least Þve segments preserved.
Xyelocerus diaphanus
Forewing length 16 mm as preserved, vein Sc slightly closer to R than to C, intersecting with R a short distance after M separated from Cu, then dividing just at the point of origin of Rs; the Þrst section of Rs much shorter than basal part of M that distinctly arches toward anterior margin of wing. Vein MϩCu nearly straight before separation of M from Cu. Crossvein 2r-rs 2 times as long as 1r-rs, bend and obviously inclining to apex of wing. Vein 1m-cu longer than the section of C before it; cell 1R1 small, and cell Rs just as wide as 2R1, but a little shorter than latter, cell 1Cu very long and narrow, 1A 3 times as big as 2A. Left forewing with two sections of RS between R and M, forming a very small cell, which is not present in the right forewing. Pterostigma sclerotized marginally, resulting in a translucent spot at the center.
Hind wing with abscissa of M much longer than 1r-rm and almost equal to 3r-m.
Type Material. Male, CNU-HYM-NN-2008011-C/P; deposited in the College of Life Science, Capital Normal University, Beijing, China.
Locality and Age. Collected near Daohugou Village, Shantou Township, Ningcheng County, Inner Mongolia, China; Jiulongshan Formation, Middle Jurassic.
Etymology. After the Latin "diaphanus" ϭ transparent, referring the pterostigma of the specimen. Type Species. Paradoxotoma tsaiae gen. et. sp. nov. Diagnosis. Body slim, the third segment of antenna columniform. Forewing with the Sc closer to C than to R, and the second branch of Sc (Sc2) longer (compared with other genera in this family), nearly vertical to R. First free abscissa of Rs preserved, nearly one fourth as long as the Þrst section of M, which is relatively shorter compared with documented specimens of this family, the section of Rs between 1r-rs and 2r-rs strongly arched posteriorly, crossvein 2r-rs oblique, connecting with pterostigma just near its apex; cell 1R1 large, just slightly shorter than 2R1, cell 1M elongate, moderately widening toward apex of wing, 2R1 and Rs narrow, pterostigma strongly sclerotized and relatively broad.
These characters that forewing with Sc2 preserved, Þrst section of M relatively short and elongate cell 1M can differ this new genus from other genera in this family.
Included Species. The type species. Etymology. The generic name is a combination of the Greek preÞx "Paradox-," meaning bizarre and particular, referring to this unique genus in Xyelotomidae and "toma," a sufÞx taken from the type genus Xyelotoma Rasnitsyn, 1968. Paradoxotoma tsaiae Gao, Ren & Shih, gen. et. sp. nov. (Fig. 3) Holotype. Gender unknown, CNU-HYM-NN-2008013, Fig. 3 . Body 11 mm (excluding antenna) with wings nearly complete, precise structure of head and thorax poorly preserved, number of segments of abdomen not clearly shown (8?), legs poorly preserved.
Body relatively slim, thorax approximately equal to abdomen in width; the third segment of antenna columniform, the basal part of which is as thick as its top section, a little longer than the length of head (1.1 mm in length, 2.2 mm in width).
Forewing with Sc distinctly closer to C than to R, thinner than both of them, running alongside R from base to separation of Sc2; Sc2 relatively long, perpendicular to R a short distance before origin of Rs. R moderately thickening before pterostigma, slightly curving at the point of separation of Rs. First free abscissa of M arching toward anterior margin of wing, Ϸ4 times as long as the Þrst section of Rs. Vein MϩRs straight, a little shorter than the Þrst free abscissa of Cu which is arched after its midpoint. 2r-rs oblique, intersecting with pterostigma near its apex, and 1.5 times as long as 1r-rs, the section of Rs between them bent. Crossvein 1m-cu equal to the segment of Cu before it and obviously longer than 1cu-a. Cell 1R1 large, triangular. Rs elongate, a little shorter than 2R1, both of them narrow. Cell 1M relatively long, broadening at its apex. Pterostigma fully sclerotized, nearly as wide as cell 2R1.
Type Material. Etymology. The speciÞc name is dedicated to Ms. Nancy Chung-Nan Tsai, for her dedication and contribution to Chemical Engineering and for providing friendship and inspiration to C.K.S. Diagnosis. Forewing with Sc long, parallel to R, closer to R than to C, Sc2 lacking, Sc1 entering C just a short distance before Rs. First free section of M Ϸ5 times as long as that of Rs, weakly bent. Vein MϩCu just curving basally. 1r-rs nearly one third of 2r-rs that arching toward to apical of the wing. Cell 1R1 large, compared with other genera in this family. Pterostigma elongate, narrow, but fully sclerotized.
Genus
Abrotoma Gao, Ren & Shih, gen. nov. differs from other genera of this family due to its unique vein Sc, which is visible, but does not connect with R.
Included Species. The type species. Etymology. The generic name is a combination of the Greek preÞx "abr-," referring to this beautiful specimen and "toma," a sufÞx taken from the type genus Xyelotoma Rasnitsyn, 1968 . Eyes large, subovate (2 mm in width), occupying more than half of head (5.0 mm in width, 2.5 mm in length). Thorax (Ϸ6.0 mm) a little wider than head.
Abrotoma robusta
Forewing with Sc distinctly thinner than R or C, and running alongside R until terminating into C a short distance before separation of Rs; the Þrst free abscissa of M weakly arching toward anterior margin, much longer than the Þrst section of Rs. MϩCu slightly curving at the base. The section of Rs between 1r-rs and 2r-rs bent only before the midpoint; 1m-cu slightly longer than the section of Cu before it. Vein 1r-rs about one third of 2r-rs in length, but a little shorter than the second free abscissa of Rs, 2r-rs oblique and meeting with pterostigma nearly its apex. Cell 1M large, about half of 1Cu in length, 1Cu relatively narrow.
Type Material. Included Species. The type species. Etymology. The generic name is a combination of the Greek preÞx "synapt-," meaning conjunctive and combinative, referring to a uniquely combined vein of the Þrst part of M and R in this specimen and "toma," a sufÞx taken from the type genus Xyelotoma Rasnitsyn, 1968 .
The roundish ßagellomeres and combined vein structure of the Þrst part of M and R can distinguish this new genus from other genera in Xyelotomidae. Eyes large (nearly 1.5 mm), occupying half of the head (1.8 mm in width and 2.4 mm in length). Antenna shorter than 2.0 mm, the third segment cymbiform, much longer and thicker than rest ßagellum, containing only three visible roundish segments.
Synaptotoma limi
Forewing with Sc simpliÞed to an intercostal crossvein only, Sc separating from R a short distance before the point M meeting R, and Sc terminating into C just at the level of M connecting with R. The basal part of M converging with R, forming a section of combined vein that is a little longer than vein Sc; R distinctly thickening before pterostigma. Crossvein 1r-rs shorter than 2r-rs, vein MϩCu bent, Cu curving to the posterior margin of the wing after separating from M. Cell 1R1 relatively small. 1A nearly 2 times as large as 2A, 2Aϩ3A with typical proximal arch. Pterostigma elongate, narrow (a little narrower than costal cell), only sclerotized at extreme base, otherwise membranous.
Type Material. Male, CNU-HYM-NN-2008012; deposited in the College of Life Science, Capital Normal University, Beijing, China.
Locality and Age. Collected near Dawangzhangzi village, Songzhangzi Township, Lingyuan City, Liaoning Province, China; Yixian Formation, Late Jurassic to Early Cretaceous.
Etymology. The speciÞc name is dedicated to John Lim, for providing guidance, friendship and inspiration to C.K.S.
Based on the above-mentioned discussion, a key to previously known and new genera of Xyelotomidae is as follows (both Vitimilarva Rasnitsyn, 1969 and Kuengilarva Rasnitsyn 1990 are excluded in the key because they are larvae):
Key to Known Genera of Xyelotomidae 
Discussion
Within Xyelotomidae, only one genus with one species was reported from the Early Jurassic (Nel et al. 2004) . We described two new genera and four species from the Middle Jurassic in this article. In addition, six genera and 10 species were discovered from the Late Jurassic to Early Cretaceous (Rasnitsyn 1968 (Rasnitsyn , 1977 Pagliano and Scaramozzino 1990; Ren et al. 1995) , and Þve genera comprising more then Þve species were from the Early Cretaceous (Rasnitsyn 1969 (Rasnitsyn , 1990 Hong 1982, Rasnitsyn and Ansorge 2000 Up to date, there have been no reports of specimens belonging to this family after the Cretaceous. The reasons for its sharp decline and extinction might be due to environment, climate and foods changes which occurred in the Early Cretaceous, or other more developed families of Tenthredinoidea appeared and replaced Xyelotomidae. More fossils and cladistic work are needed for Xyelotomidae to elaborate the phylogeny and evolution of this group.
Xyelidae is considered the most basal and primitive family of the Hymenoptera (Rasnitsyn 1980 , Schlü ter 2000 . Cladistic and phylogenetic analyses indicate that Xyelotomidae, a primitive family of Tenthredinoidea, might have derived from a branch of Xyelidae (Rasnitsyn 2006) . Therefore, Xyelotomidae plays an important role in the evolution of hymenopterans, demonstrating a transition from primitive characters to more derived ones. Vein Sc in the forewing of Xyelidae is four-branched in the most primitive sawßy Gigantoxyela Rasnitsyn, 1966 , which is reduced to three-branched in Xyelites Rasnitsyn, 1966 , and it is two-branched in other genera of Xyelidae (Rasnitsyn 1966 (Rasnitsyn , 1969 . In comparison, vein Sc in Xyelotomidae, based on previously documented and newly described species, shows a wide range of variation and transition. In Paradoxotoma tsaiae sp. nov. (Fig. 3) , Sc is twobranched and distinctly closer to C than to R, similar to that of some Xyelidae (e.g., Sc is similar in Pseudoxyela, except it runs midway between C and R). In Abrotoma robusta sp. nov. (Figs. 4 and 6a) , vein Sc is distinctly closer to R than to C with apical part curving toward and terminating at C. In Xyelotoma macroclada sp. nov. (Figs. 1 and 6b) and Xyelocerus diaphanus sp. nov. (Fig. 2) , Sc is divided into two parts, the apical part forming an intercostal crossvein, and the basal part, in between R and C, before merging into R, same in Dahurotoma and probably Xyelotoma. In Synaptotoma limi sp. nov. (Fig. 5) and Undatoma rudgwickensis Rasnitsyn, 1998 (Early Cretaceous, Fig. 6c ), the basal part of Sc is lacking and the apical part forms a crossvein. Finally, Sc disappears completely in Leridatoma pulcherrima Rasnitsyn, 2000 (the Early Cretaceous, Fig. 6d ), Xyelocerus and type species of Undatoma. These changes of Sc, from two-branched to one-branched, to two separate parts, to apical part forming a crossvein, and Þnally to vestigial, clearly document an evolutionary trend of wing venation in Xyelotomidae from the Early Jurassic to the Early Cretaceous. Consequentially, the space between R and C becomes narrower, although R is obviously strengthened. 
